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METHOD OF MANUFACTURING AND STRUCTURE OF 
SEMICONDUCTOR DEVICE WITH FIELD OXIDE STRUCTURE 



TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to semiconductor 
devices and, more specifically, to a semiconductor device 
with a field oxide structure and a method of 
manufacturing the same. 
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BACKGROUND OF THE INVENTION 

Many high power applications require the use of high 
voltage semiconductor devices, such as a drain extended 
metal oxide semiconductor (DEMOS) , because of their lower 
specific resistance, faster switching speed and lower 
gate drive power dissipation than their bipolar 
counterparts. Certain important characteristics of a 
DEMOS include its specific resistance, its breakdown 
voltage as well as its safe operation area (SOA) . It is 
desirous to have a lower specific resistance and a higher 
breakdown voltage. The breakdown voltage of a DEMOS may 
be improved by adjusting the drift region of the device. 
A semiconductor device having a drift region with a 
doping concentration that increases towards the drain 
region would have a higher breakdown voltage. 

In some conventional semiconductor devices, the 
drift region has a uniform doping concentration between a 
gate electrode and a drain implant of the device. 
Furthermore, the formation of some conventional 
semiconductor devices are susceptible to misalignment in 
silicide block and drain implant masking steps, which 
produce large variations in breakdown voltage and 
specific resistance . 
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SUMMARY OF THE INVENTION 

The present invention provides a semiconductor 
device and method for manufacturing the same that 
substantially eliminates or reduces at least some of the 
disadvantages and problems associated with previously 
developed semiconductor devices and methods for 
manufacturing the same . 

In accordance with a particular embodiment of the 
present invention, a method of forming a semiconductor 
device includes forming a body region of a semiconductor 
substrate and forming a drift region adjacent at least a 
portion of the body region. A dopant is used to form the 
drift region. In a particular embodiment, the dopant may 
comprise phosphorous. The method also includes forming a 
field oxide structure adjacent a portion of the drift 
region and a portion of a drain region. The field oxide 
structure is located between a gate electrode region and 
the drain region and is spaced apart from the gate 
electrode region. Atoms of the dopant accumulate 

adjacent a portion of the field oxide structure, forming 
an intermediate -doped region adjacent a portion of the 
field oxide structure. The method includes forming a 
gate oxide adjacent a portion of the body region and 
forming a gate electrode adjacent a portion of the gate 
oxide . 

In accordance with another embodiment, a 
semiconductor device includes a body region of a 
semiconductor substrate and a drift region adjacent at 
least a portion of the body region. The drift region 
comprises a dopant. In a particular embodiment, the 
dopant may comprise phosphorous. The semiconductor 

device includes a field oxide structure adjacent a 
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portion of the drift region and a portion of a drain 
region. The field oxide structure is located between a 
gate electrode region and the drain region and is spaced 
apart from the gate electrode region. The semiconductor 
device also includes an intermediate-doped region 
adjacent a portion of the field oxide structure. The 
intermediate-doped region comprises dopant atoms 
accumulated proximate the field oxide structure. The 
semiconductor device includes a gate oxide adjacent a 
portion of the body region and a gate electrode adjacent 
a portion of the gate oxide. 

Technical advantages of particular embodiments of 
the present invention include a semiconductor device with 
a doping concentration that increases moving laterally 
from a drift region to a drain implant. Accordingly, the 
Kirk effect on the semiconductor device is suppressed and 
the safe operation area (SOA) of the device is improved. 

Another technical advantage of particular 
embodiments of the present invention includes a 
semiconductor device having a field oxide structure 
adjacent a portion of a drain region. Thus, there is 
greater tolerance for misalignment during doping of a 
drain implant and a silicide block process. Accordingly, 
there is a reduced need for overdesign of the device with 
larger dimensions and reduced specific resistance. 

Other technical advantages will be readily apparent 
to one skilled in the art from the following figures, 
descriptions and claims. Moreover, while specific 

advantages have been enumerated above, various 
embodiments may include all, some or none of the 
enumerated advantages . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of particular 
embodiments of the invention and their advantages, 
reference is now made to the following descriptions, 
taken in conjunction with the accompanying drawings, in 
which : 

FIGURE 1 is a cross-sectional diagram illustrating a 
semiconductor device with a field oxide structure at one 
stage of a manufacturing process, in accordance with a 
particular embodiment of the present invention; 

FIGURE 2 is a cross-sectional diagram illustrating a 
semiconductor device with a body region, a drift region 
and a buried layer at one stage of a manufacturing 
process, in accordance with a particular embodiment of 
the present invention; 

FIGURE 3 is a cross - sect ional diagram illustrating 
the semiconductor device of FIGURE 2 with a field oxide 
structure and an isolation structure at another stage of 
a manufacturing process, in accordance with a particular 
embodiment of the present invention; 

FIGURE 4 is a cross - sect ional diagram illustrating 
the semiconductor device of FIGURE 3 with an 
intermediate-doped region, in accordance with a 
particular embodiment of the present invention; and 

FIGURE 5 is a plot of doping concentration at 
varying lateral positions of a semiconductor devices, in 
accordance with a particular embodiment of the present 
invention . 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates a semiconductor device at one 
stage of a manufacturing process, in accordance with a 
particular embodiment of the present invention. 
Semiconductor device 10 is a high powered, drain extended 
metal oxide semiconductor (DEMOS) of negative- type , or a 
DENMOS . Semiconductor device 10 includes a field oxide 
structure 20 adjacent a portion of a drift region 18 and 
a drain, region 25 of semiconductor device 10. Field 
oxide structure 2 0 is located between a gate electrode 
region 23, which includes a gate electrode 24, and drain 
region 25. Field oxide structure 20 is spaced apart from 
gate electrode 24 . 

Drift region 18 is a lightly doped region of 
negative-type ("N type") and is formed using a 
phosphorous dopant. Once field oxide structure 20 is 
formed adjacent a portion of drift region 18, phosphorous 
atoms segregate out of field oxide structure 20 and 
accumulate at the interface between the field oxide and 
the silicon of drift region 18, thus creating an 
intermediate -doped region 28 adjacent a portion of field 
oxide structure 20. Drain region 2 5 includes a drain 
implant 2 6 which is a heavily doped region. 

The presence of field oxide structure 2 0 creates a 
doping concentration of semiconductor device 10 that 
increases from drift region 18 to drain region 25, since 
the presence of field oxide structure 2 0 creates 
intermediate -doped region 28, and intermediate-doped 
region 28 is between drift region 18 and drain region 25. 
Such an increase suppresses the Kirk effect, or base push 
out at high current, on semiconductor device 10 and thus 
improves the safe operation area (SOA) of semiconductor 
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device 10, because the breakdown voltage increases. The 
SOA includes the combinations of drive current and drain 
voltage at which the device may be operated without 
burnout. Furthermore, semiconductor device 10 also has a 
lower specific resistance. Semiconductor device 10 also 
has better misalignment tolerance during doping of drain 
implant 26 and silicide block process as a result of the 
presence of field oxide structure 20 since field oxide 
structure 20 acts as a mask or block during such 
processes. Other advantages to the formation of field 
oxide structure 2 0 of semiconductor device 10 in 
accordance with particular embodiments of the present 
invention are discussed below, while further advantages 
will be readily apparent to one skilled in the art. 

Semiconductor device 10 includes semiconductor 
substrate 11 which comprises a wafer 13. As discussed in 
further detail below, in this embodiment semiconductor 
substrate 11 also includes a body region 16 disposed 
adjacent a portion of a buried layer 14. Isolation 
structures 22 are adjacent portions of semiconductor 
substrate 11. Semiconductor device 10 also includes 
source/back gate implant 30. Gate electrode 24 is 
disposed upon a gate oxide 32, and spacer structures 34 
are adjacent gate electrode 24. Semiconductor device 10 
also includes gate contact 36, drain contact 38 and 
source/back gate contact 40. 

FIGURE 2 illustrates semiconductor device 10 at one 
stage of a manufacturing process, in accordance with an 
embodiment of the present invention. Semiconductor 
substrate 11 comprises wafer 13, which is formed from a 
single crystalline silicon material. Semiconductor 
substrate 11 may comprise other suitable materials or 
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layers without departing from the scope of the present 
invention. For example, semiconductor substrate 11 may 
include a recrystallized semiconductor material or any 
other suitable semiconductor material. 

In this embodiment, semiconductor device 10 includes 
buried layer 14 . Buried layer 14 is formed within 
semiconductor substrate 11 using any of a variety of 
techniques well known to those skilled in the art. In 
the illustrated embodiment, buried layer 16 is 
negatively-doped to form a negative buried layer ( "NBL" ) . 
In an NBL, electrons conduct electricity during operation 
of semiconductor device 10. Any of a number of dopants 
may be used to form an NBL, such as arsenic, phosphorus 
or antimony. Other embodiments may not have a buried 



Body region 16 and drift region 18 are formed 
adjacent buried layer 14. Body region 16 is a positive- 
type ("P type") region. Body region 16 may be formed by 
any of a variety of techniques known to those skilled in 
the art, such as epitaxial deposition. Body region 16 
may have a depth of approximately 3.5 microns. Drift 
region 18 is a lightly-doped, N type region formed 
through implantation of a phosphorous dopant. 
Semiconductor device 10 may include other regions, such 
as a standard N type well, P type well and deep N type 
well. Both a deep N type well and standard N type well 
may be used as the drift region for a high voltage NMOS . 

FIGURE 3 illustrates semiconductor device 10 of 
FIGURE 2 at a further stage in the manufacturing process. 
Field oxide structure 2 0 is formed between gate electrode 
region 23, where a gate electrode will be subsequently 
formed, and drain region 25. Field oxide structure 20 is 
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spaced apart from gate electrode region 23 and adjacent a 
portion of drain region 25. Field oxide structure 20 is 
also adjacent a portion of drift region 18. 

Field oxide structure 2 0 may be formed by growing a 
5 thin pad oxide over semiconductor substrate 11 and 
depositing a thin nitride layer over the pad oxide. 
Photoresist is spun on and lithographically patterned to 
define a field region in which field oxide structure 20 
is to be formed. The thin nitride layer is etched in the 
10 field region with the pattern photoresist as the etch 

Li 

pj mask. The pattern photoresist is stripped and the field 

P oxide structure 2 0 is grown in the field region with the 

y pattern nitride as an oxidation barrier. 

n 

p Local oxidation on silicon (LOCOS) isolation 

03 15 structure 22 is formed to isolate areas of semiconductor 

m device 10. LOCOS isolation structure 22 may be formed 

IJi using the same process and at approximately the same time 

?. 5 

; \j as field oxide structure 20. As illustrated, field oxide 

structure 20 and LOCOS isolation structure 22 
20 substantially surround drain region 25. 

FIGURE 4 illustrates semiconductor device 10 of 
FIGURE 3 having an intermediate-doped region 28. The 
formation of field oxide structure 2 0 adjacent a portion 
of drift region 18, causes phosphorous atoms to segregate 
25 out of field oxide structure 2 0 and accumulate at the 
interface between the field oxide and the silicon of 
drift region 18, around field oxide structure 20. This 
segregation creates intermediate-doped region 28 adjacent 
a portion of field oxide structure 20. 
30 Referring back to FIGURE 1, semiconductor device 10 

of FIGURE 4 is illustrated at a further stage in the 
manufacturing process. A doping process is used to form 
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a heavily-doped drain implant 26 of N+ type. 
Semiconductor device 10 has an N type doping 
concentration that increases moving laterally from drift 
region 18 (a lightly-doped region) to intermediate-doped 
region 28 to drain implant 26 (a heavily-doped region) . 
The increasing doping concentration may be approximately 

linear with respect to the lateral distance from drain 

9 

region J\£^> (see FIGURE 5). This lateral increase xn 
doping concentration increases the breakdown voltage (the 
voltage at which the semiconductor device will break down 
at high current operation) of the device. Thus, the Kirk 
effect on semiconductor device 10 at high current is 
suppressed, and the SOA of semiconductor device 10 is 
improved. The specific resistance of semiconductor 

device 10 is decreased as well. 

The presence of field oxide structure 20 also gives 
semiconductor device 10 increased tolerance for 
misalignment during doping processes of drain implant 2 6 
and the silicide block process at drain region 25 since 
field oxide structure 2 0 may act as a mask or block 
during such processes. Therefore, there is less need for 
overdesign of semiconductor device 10. 

Semiconductor device 10 of FIGURE 1 also includes 
source/back gate implant 3 0 adjacent body region 16. 
Source/back gate implant 3 0 includes an N + type region. 
Gate electrode 24 is disposed upon gate oxide 32 at gate 
electrode region 23 . 

Field oxide structure 20 has a width 44, and field 
oxide structure 20 is located a distance 42 from gate 
electrode 24 . Width 44 and distance 42 may be varied to 
achieve a certain length of intermediate-doped region 28 
relative to the distance of drift region 18 between gate 
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electrode 24 and drain implant 2 6 depending on 
characteristics such as the application, use and doping 
concentrations of semiconductor device 10. Such 
variations may improve the performance of semiconductor 
device 10. 

Spacer structures 34 are formed adjacent edges of 
gate electrode 24. Spacer structures 34 comprise a 
nitride material; however, spacer structures in other 
embodiments may comprise other materials. Drain contact 
38 is formed at drain region 25, and gate contact 36 is 
formed at gate electrode region 23. Source/back gate 
contact 4 0 is formed proximate source/back gate implant 
30 . 

Other standard processing steps can be undertaken in 
the manufacturing of semiconductor device 10. Such 
processing steps may include the formation of dielectric 
portions, silicide portions, threshold voltage implants, 
other implant regions and other layers and/or structures 
known to those skilled in the art. Other appropriate ^ 
metal interconnections may be formed, and passivation may 
be undertaken. Other appropriate methods or steps may be 
performed to complete the manufacturing of semiconductor 
device 10. 

FIGURE 5 illustrates a plot 50 of the doping 
concentration moving laterally along a semiconductor 
device manufactured in accordance with an embodiment of 
the present invention. The doping concentration of a 
source/back gate implant of the semiconductor device is 
illustrated at section 52, and the doping concentration 
of a body region is illustrated at section 54. Section 
56 illustrates the doping concentration of a drift 
region, section 58 illustrates the doping concentration 
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of an intermediate-doped region, and section 60 
illustrates the doping concentration of a drain implant 
region of the semiconductor device. 

As discussed above, an intermediate -doped region 
develops from the segregation of phosphorous atoms from a 
field oxide structure of the semiconductor device and the 
accumulation of such atoms around the field oxide 
structure. As illustrated, such intermediate -doped 

region leads to a doping concentration that increases 
moving laterally from the drift region to the drain 
implant. Such increase is approximately linear, as 
evidenced by line 62 passing through the doping 
concentrations from the drift region to the drain 
implant . 

Although the present invention has been described in 
detail, various changes and modifications may be 
suggested to one skilled in the art. It is intended that 
the present invention encompass such changes and 
modifications as falling within the scope of the appended 
claims . 



